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PROGRESS IN LEGUME INOCULATION. 



INTRODUCTION. 

The jxiciilinr valno of lognnics for maiiitnining niid increasing the 
fertility of soils'is due to certnin bacteria which develop nodnlas upon 
the roots of leguminous plants and which have the iniiquo power of 
rendering the free nitrogen of the atmosphere available for plant 
growth. Without the^=« bMcteri*, legumes, like ot.her crops, ©adiiinst 
the soil of its combined nitrogen. In many regions certain types of 
these important bacteria are nhmidant in the soil; in other localities 
they must be imported, either by distributing soil from a field whert 
they are known to be present or by using pure cultures of the proper 
organisms grown under artificial conditions. The old method of 
importing the bacteria by distributing soil from fields containing 
them is not only expensive but there is rm*y greut dwiger of sprefldiiig 
weeds and destructive crop dise«f*es ns well as the desirable bacteria. 
Under modern conditions, therefore, it is wisest to depend chiefly 
upon the intelligent manipulation of pnrc cultures for inoculating 
legmninous crops. 

THE USE OF PURE CULTURES OF NITROOEN-OATHERINO 

1AGT£RIA. 

Recent improvements in the methods of preparing und distributing 
pure cultures for inoculating leguminous croi>s have obviated nniuy 
of the difficulties previously experienced in their u»e. The direx^tioas 
for handling by the planter have been simplified and adaptations 
Imve been nuide to meet varying conditions of field and plat experi- 
ments. The directions accompanying the cultures distJ-ibuted undur 
the present plan may be summarized as follows: 

For cnltnre« that are to bt Incr««i®(l l».v the planter, la one gntton of clean 
watar, Uoilml and coole*!, is dlwiolv^d a snmll qnantlty of imfar and the* tal>lot 
which Is «nppll#d with the snmll hottI# yf cnlturw. Th« IkfirUl cnltare In thin 
small hottle l« ponr«d hito the gallon f*t itoCatlmi a«# tlit idxture m -aJlo^^is^i 
315 
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to develop for twenty-four hours at a temperature of about 70° F., and is tiien 
ready for use.'' Tim Seed should be thoroughly moistened with tills eulture, 
without being soaked, and should then be spre^id out to dry In a elean, shady 
place. It Is an advantage, though not an absolute necessity, to dry Immediately 
by mixing with the moist seed a small quantity of dry, sifted earth. Planting 
should follow as soon as practicable, using the same nietliods as for untreated 
seed. 

It is sometimes desirable to treat the soil direct instead of treating 
the seed. The solution is then mixed with enough dry soil (prefer- 
ably from the field to be inociifat^) w6 that'it^will just moisten the 
soil. This treated soil is again mixed thoroughly with u larger 
quantity of soil — say, half a wagonload for iin acre. The inoculated 
• soil is then distributed evenly ei^^ llM'^frepftred ground And should 
be harrowed in at once to avoid exposure to sunlight. 

In special cases the amount of culture supplied is lai'gely increased, 
and this is to be used immediately instead of waiting twenty-four 
hom's for development. If the quantity of seed to be treated does 
not exceed 12 to 15 pounds the user has simply to open the bottle 
at once and pour the contents upon the seed. If more liquid is needed 
to moisten a larger quantity of seed, water up to 1 gallon may be 
added, reckoning 1 quart to a bushel of seed. 

APPLICATIONS FOR CULTURES. 

As cultivated soils in any one pljiLce *are usually well supplied with 
the nodule-forming organisms adapted to inoculate the legumes that 
have been grown successfully for many years in that region, very lit- 
tle benefit will be obtained from further inoculation. To guard 
against useless experiments and to make those carried out of value 
for future guidance, the applicant for inoculating material is re- 
quired to fill out a blank form which asks for information in regard 
to the legume to be treated, date of planting, soil conditions, etc. 

On the reversf* of the application form a circular letter gives briefly 
the plan of the distribution. Attention is called to the fact that the 
bacteria are beneftcial only in connection with legumes, siiefc as the 
various clovers (including alfalfa), vetches, peas, and beans, and are 
not applicable to other farm or garden crops. 

REPORTS OF RESULTS. 

It is expected that each one who secures a culture for inoculating 
legumes will follow the directions carefully and report the results, 
whether a success or a failure, to the Bureau of Plant Industry. 
Blanks for this purpose are furnished at the proper time. The main 
facts desired for this report are quantity of seed (or area) planted 

« One gallon will treat at least three or four l>ushe]8 of seed. 
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Mnd dmtc of planting; wlK^ken* the tmUum y^s mppKed to the seed or 
soil; how the Ifliul was fertilized; whether it wiis jkmy hind, lui old 
field, or garden soil ; the kind of crop previously gi'own; and whetlier 
4M^-mUmt mlmM wpplmd mtis cka^r, itimfeJy -dew^isd, milky, or fiKi«thy. 

As to resnlts, the roots should be examined to detennine ay h ether 
tJic nodules are present or absent and should be con ij):! red, if i)ossibl<», 
^yith ^liint« giK)wii 0*1 gr-o^wd ^lot iii@©«Jat»d. iti u^akif^g thi^iem^tii- 
nation care should be taken in digging the plants not to detach tlic 
small root hairs. Plants simply pulled from the ground will usually 
be stripped of nodules along with the broken-off rootlets. Even witli 
careful digging in compact soil it is necessary to examine the clumps 
of soil about the roots as well as the roots themselves. Any unusual 
condition€ which t^ppear to hare affected the r«€nlfe of die cxpei'lment 
should be mentioned especially, together with information as to the 
general appearance and yield of the inoculated crop compared with 
tJio uninocuk4cd p£)rtion or with piwious experioi>ce with the same 
kgumc. 

wm iFFECf OF laL ooimmoirs mm LMcrmi lAexxmiA. 

In the investigation of the results of inoculati(Ui the wide range of 
soils for wliich cultures have been furnished has brought out the cmn- 
l^lexity of the subject and developed manj^ special problems. The 
constitution or diameter of the soil itself has been fouiwl to have an 
effect U2^on the growth of nodule bacteria, as well as iii>oii the farm a - 
tion of imdulcs.'* Some soils have a chemical composition distinctly 
unfavorable to the derelopment of the introduced bacteria; other 
soils are so compact or retentive of moisture as to exclude air and 
thus be unfavorable to the growth of tl%e baoteria and to nodiile 
formation. 

A study was made of the reports received from experimenters who 
used cultures for inoculating legumes to correlate, if possible, type 
and condition of soil, treatment, legume species, etc., for those show- 
ing favorable results ^nd those showing unfavorable results. Two 
I'cpresentativc and widely grown legume crops were studied in t^is 
waj^ — alfalfa and red clover. The only selection made in the reports 
chosen for this study was in takii\g all tli^f rec#ircd diiriu|f 
the two calendar months of November an& December, 190f>. 
These were classified (as illustrated in the reports quoted on 
pages 15 to 19) into "successes" and "failures." The third 
class, of " doubtful " character, is not included in this statis- 
tical stud3\ Success, as here used, means an observed increase 
in Hotlule fonnation sliowing benefit to the crop, while a fnil- 

For a <ilscH^don of tiii^, set* BnUfl^tiii KK). Tart ^'IU, of the Biiroan of Plant 
Industry, r. f^epnrhnowt of Agriculture, 
tia^— Hull. 315—08 2 
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ure is scored when* tttt^tr^efl - ifiociilation failed to produce 
nodules or produced so few as to be of no advantage to the plant. 
When natural inoculation proved abundant the experiment was set 
aside as inconclusive, as were also crop failures reported as due to poor 
seed, decidedly adverse season, and other factors clearly apart from 
the influence of inoculation. The reports, about one thousand in all, 
have been carefully studied, a,tMi tlie iuftuence of the various factors 
upon nodule formation is expresised in tferms of percentage in the 
following table: 



Table I, — Percentages of sueeessfttl and mwueoestiful inociUatioths under differ- 
ent soil eonditiam dm^Atg Wov-emh^r and &«r, J90G* 



CondiUons of experiment. 


Alfftira. • 


Red Plover. 


Sue- 
cesses. 


Failures. 


Sue- 
eesses. 


Failures, 






Per cent. 


Per cent. 


Per cent. 


Per cent. 






81 


19 


05 


5 






75 


25 


87 


13 






70 


30 


83 


12 






65 


35 


02 


8 






69 


31 


91 


9 


On old eultlvnled field soil -— 




64 


. 36 


90 


10 




i 


61 


30 


92 
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An examination of the data here shown does not warrant general 
conclusions of a positive character. Apparently none of the physical 
conditions reviewed are of great importance in determining the suc- 
cess or failure of inoculation. For the present, therefore, we must 
assume that such differences as exist in these particular cases, making 
one soil more favorable for inoculation than another, arc, in part at 
least, biological, requiring more detailed investigation and experi- 
ment. 

It is doubtless true that the cultures themselves have not always 
been in the most effective state at the time of use. With the safe- 
guards observed at each point in their preparation and distribution, 
however, the cultures as they go from the laboratory are in a high 
state of efficiency. To secure the desired results they must of course 
be handled according to directions. 

THE EriECT OF INOCULATION UPON THE COMPOSITION Of THE 

CROP. 

In some cases where there has been apparent failure to improve 
the legume crop, further examination may show a decided gain from 
inoculation. Even where the lack of nodule formation docs not seem 
to hinder a healthy development of the plants careful comparisons 
from analyses have shown the greater protein content of those well 
supplied with nodules. The amount of nitrogen contained in a soy 
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boan crop ® was found in one case to be 113.55 pounds to the acre for 
the inocuhitcd phmts and 75.98 pounds to the ncrc for those not inocu- 
hited, yet the appearance in the fields was the same. AVith cowpcas, 
inoculated and uninoculatcd, th€ nitrogen ^fas found to 1)€ 1*^,21 
pounds to the acre for the former and 118.45 potnids for the hitter. 
In each case, therefore, the inoculated crop, although apparently not 
improved, ^Yas in reality nnich more valuable for feeding or for green 
nuinnre than the uninoculatcd crop. 

In addition, it should be noted that with the inoculated i^lants th« 
gain of nitrogen came largely from the air, while the plants lacking 
nodules drew upon the combined nitrogen of the soil. When the 
gain in nitrogen from inoculation is accompanied by largely in- 
creased plaTit growth the beneficial effect of nodule formation is, of 
course, most pronounced. Some chemical analyses^ of Canadian 
field peas, inoculated and uninoeuhited, serve to show in n striking 
manner the comparatively rich growth of th^ inoeukt^d pens. The 
plants bearing nodules had a nitrogen content of 2.2D grams per 
100 of dry substance; the plants without nodules grown in the same 
soil had l.GO grams per 100 of dry substance. The HT€i'iige dry 
weight of inoculated and unmoculated plants was 11.2 nml 2.3 gi'ams, 
rcsiDcctivcly. It is evident, therefore, that the inoenlnted plants sup- 
plied more than seven times the amount of nitrogen furnished by 
those not inoculated, viz, 0,8*55 gtfim 4© ttoe plant, m compared with 
0.035 gram to the plant. 

Similar results were obtained with wild hemp plants {ScsJjania 
macrocarpa) ^ Inoculated and uninoculatcd." Analyses** of the no- 
dules themselves and of the roots from which the nodules 'were 
rein®¥#i'«li-ow tliii^^»ti*0Ci|^ tii© n^odulcd ])lants made a decided gain 
in nitrogen in both roots and tops, by far the highest percentage of 



nitrogen was found in the nodules themselves. The following table 
show* tiiWfe,4^fiiro6 in dotaii : * - ♦ 

Taulk 11, — Ocmiremc of nUrogrn in inovuhiicd an4 un^MocHlfkicd pJanis of 

the wiUl hem IK 
[drams of nitrogen per 100 grams of dry sut^stance. 1 

1. Roots, .strl])i)etl of nodules 1.50 

2. Nodules (from >'o. 1). C. 40 

3. Toim (from ^o. ^) 1 2.09 

4. Whole plants (Inocnlut^d, linvlnf^ numerous 

nodules) R. 01 

5. AVhole plants (not Inocnlntetl, no nodules) 1.71 



« Grown At Ap*teulturai Colltge, Mich, For d^acription, see Bulletin 2M of 
the Michigan Station. 

Analyses made by the Bureau of Ciiemistry» TT. S. Doi>avtment of Agricul- 
ture. 

" Experiment carried on by Mr, David Faircinid, In charge of Seed and 
I'lant Introduction for the Bureau of IMant Indualrsr. 
^'AnaiyBOS made by the Bureau of Chemistry, 
SIS 
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In view of the genera 11}' recognized importance of nitrogen to the 
growth of plants ^ the significance of the foregoing facts needs little 
igmphft^is. A difference between abundant iK)dnie formation and the 
absence of na<Jttte, ^frich mmy affect the Tt^iie #f a legume crop in 
the ratio shown j can not fail to command attention Avhen its bearing 
on successful farming m once realized. It i^ ^t enough merely to 
count yiel(k in poUUtt^ m 4oM. lEM mom^om^Am of crops far feed 
or green manure becomes in tlic l^gint of mx'¥m^^ii^iimm *• fiftctoi* 

of importii^e. . 

Generally speaking, the experience of Bcmmtifu: farmers and the 
tests of agricultural experiment stations agree in ascribing an unusual 
benefit to succeeding crops from green manuring with leguminous 
crops, and this is clearly due in considerable degree to the nitrogen 
fixed by the root nodules and not to the length of the root sj^stem or 
other peculiarities of leguminous plants. ITufortunately, investi- 
^*tors have not given sufficient attentioa to the relative abundance 
or scarcity of nodules when experimenting with different: legumi- 
nous crops for green manures. From tlie preceding diita it is evident 
that legumes reach their maximum value m grac^fci wim^^g^^^f when 
jibundantlj supplied witli jio^il^, 

CffiMItJSIOIT Of SSMATOBE QAUA WIIH SODTJIES. 

Nematode galls, or root knots, are often mistaken for nodules, 
which they resemble in appcaraaice. llie nematode gtkU is extremely 
injurious, and in regions whctt-e it lifts been known to e^st it is uu- 
Avise to plant crops favorable to the development of the pest. Nearly 
all of the legumes should be avoided in such cases. This m impor- 
tant not only because the legumes susceptTBfe to nematodt^ i^tf ack are 
themselves injured, but chiefly because they furnish conditions favor- 
able to the rapid dcA^eloprntMit and multiplication of tlie nematode 
worms, and these maj' bec0fn?e n^teiions menace to succeeding crops or 
to orchard stock, which under ordinary conditions they would sea reel 
injure. There are, however, some resistant A^arieties ^ upon which tl~ 
nematode worm can not devolop, and in infested regions these re- 
sistant varieties should be used exclusively. If a leguminous crop 
with its roots cwcred with what are apparently uodules makes 

See HiUIetlu 247 of the New York (ItUaca) AgrlcuUuraJ, Experhii«it 

tlOH. 

^The most Important and generaUy useful resistant variety Is the Ir 
cowpea O'igna sdncmie). In tlie S^lkeru States the velvet hmu {Muc 
uUUs) aiicl Florida beggmrw^fii ^Mff^mma molUs} |f«i,]||f|^ 
315 
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sickly growth, or if theix is doubt ns to whether a legume is inocu- 
lated or infested with nematoiles, samples for examination should bo 
fonvardod t^ the Bureau of Pluiifl TnAmtrj of tht I^partntitfift of 
iLjfriculkire. 

WHEN INOCULATION IS DESIRABLE. 

Inoculation is dcsirgble — 

(1) If the soil has not previously borne leguminous crops. 

(2) If legumes previously grown on the same land were d ceroid of 
nodules. 

If the legume to be sown belongs to a species not closely 
related to one previously grown on the same soil. 

(4) If the soil produces a weak growth of legumes, eve-n though 
their roots show some nodules. 

It is significant of the relative value of pui*e culture inoculation 
tJiat a high percentage of beneficial results is being obtuined, not only 
where legumes new to the region are being tried, but where the ordi- 
nary legumes used iji rotation have been inoculated, a phenomenon 
which is undoubtedly due to the increased virility of the nodule- 
forming bacteria resulting from the proper development of the pure 
cultures iu the laboratory. It is also true that the crops following 
the inoculated legumes have in* many cases showui gains not evident 
in the legume crop. The practice of inoculating is tJicrefore justified 
where legumes are naturally inoculated but do not seem to ro*ch their 
full vigor nor t^ give the best results as green m&uures. 

WHlir INOCULATION IS TrS!lLMS. 

Inoculation is of no v^n>e— 

(1) If the legumes usually grown are producing ave^'age yields 
and the roots show nodules in abundance. 

(2) If the soil is in such condition as to prevent the normal growth 
of the bacteria or of the leguminous plants. 

(3) If the directions for handling the cultures arc not studied 
carefully and followed intelligently. 

(4) If the soil is acid and in need of lime. Liming to correct 
acidity is as important for the proper activity of the bacteria as for 
the growth of the plants. 

(5) If the soil needs fertilizers, such as potash, phosphoric acid, or 
lime. The activity of the nodule bacteria in securing nitrogen from 
the nir and rendering it available to the legumes will not take the 
place of such fertilizing elements as potash and phosphorus. 

It must be remembered that inoculation will not overcome results 
due to bad seed, impro^)€r preparation and cultivation of the ground, 
and decidedly adverse conditions of weather or clijnaate. Before 

315 
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attempting to inoculate a new erop the farmer should first inform 
himself thoroughly coneerning the proper handling of the erop itself; 
otherwise failure is almost eertain. As an illustration, sowing alfalfa 
on hastily prepared land, on land foul with weeds, and on acid soils 
or soils underlaid with liardpan, is contrary to accepted praetice. 

Free publications covering the essential points in growing all com- 
moai legumes may be obtained from the State experiment stations 
and from the United States Department of Agrieultnre. 

DANGER IN INOCULATION BY SOIL TRANSFER. 

Very satisfaetory inoeulations have been obtained by transferring 
soil from old fields where legumes have been grown, but there are 
dangers incident to sueh soil transfer whieh should be noted. 

The source of supply should be very definitely known, and in no 
ease should soil be used from fields which have previously borne any 
crops affected with a fungous disease, a bacterial disease, or with 
nematodes. Numerous animal and plant parasites live in the soil for 
years and are established in so many localities that it is manifestly 
unwise to ship soil indiscriminately from one portion of the country 
to another. 

Of scarcely less importance is the danger of disseminating noxious 
weeds and insect pests through this plan of inoculating by means of 
natural soils. Even though weeds may not have been serious in the 
first field, the great number of dormant seeds requiring but a slight 
change in surroundings to produce germination is always a menace. 

If soil °' is to be used, however, whether obtained from near-by fields 
or shipped long distances, the evidence should be clea.r that the soil 
is free from the objections mentioned above. 

RESULTS OF COOPERATIVE FIELD TESTS. 

The results of cooperative experiments with planters throughout 
the United States, begun in the spring of lOOC and reported upon 
during the autumn of that year, are presented here in tabular form. 
These reports are divided into three natural classes: Successes, doubt- 
ful results, and failures. To explain further the plan followed in 
this tabulation, quotations from rcpresent^ttivc reports under each 
class are given. 

An examination of those sample reports will show that the suc- 
cesses credited to the culture have been so recorded only when a clear 
gain was shown to be due to inoculation. A less strict interpretation 

a The quantity of soil from a thoroughly Inocnlnted field regarded ns suffi- 
cient for inoculating an acre of iAnd for alfalfa, f^r iustaiiec, is variously 
placed at 200 to 500 pounds. 
315 
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of the doubtful reports would place ninny of tlicm in the column of 
successes, iind undoubtedly ninny cliiascd us failures to secure inoou- 
laiion wmild prova uj>on lid^qunte iuresti Ration to b*r« hm^ Hihxrm 
fi'Oiii cs-use^ otlmr Untu d#ficie4it uoduk fornnttion. 



-HmtMs of experiments with crops sown in com\cction w4i4i (mUm^eiM 
of mirogen-ynthering haetcrla in the spring of 1906.^ 



Crop. 



Alfalffl 

R^'d clover — 

(lanlcn pea 

(iimlen bean. 

Cowp^n 

Ounndlau lieUl pea... 

VetPh 

Soy bean 

Crimson clover 

Hwoot pea 

Velvet bean. 

AlslVe 

White clover 

Pciinut.. 

imr dovpr.-^ 

Heffffar wocti 

Jnpnn riover 

AIunfT bean 

Sainfoin 

{i\v««t 0io\w 



Total. 



Sue- 



m 

217 
247 
44 

16 

23 
8 
22 
10 

2 

10 



1,770 



Doubtful 



«57 
544 
30I> 
224 
303 
27 
19 
40 
IS 
% 
14 
24 
2 
10 
1 
1 

1 



2,«7 



Fafli^r«n. 



182 
rtfl 
64 
74 

10 
4 

23 



Total. 



1.242 
1,108 

m 

515 
503 
81 

no 

86 
28 

m 

26 
60 
4 
30 
1 
4 
1 
1 
fl 
S 
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* Anproilmnlely 8,000 cultureis were Bont out. A little more than half of the rcelp 
Icnts nad reported results at the time this table was prepared. The seneral relation re- 
mains about the same, as addlUonal reports have been tabulated aluce thla table waa 
l»repa<r«d. 

EEPOETS m IHGCULATION EXPERUtXirTg CL4«ilB AM 

SUCCESSES. 

Tbo following iire examples of the experiments with nitrogen- 
giitlmuiig biict^ri* which hate beeji classed as succ©*?^: 

Alfalfa. — '* Nodulos nre uuinerouH on inoculntt^d ground, while 1 full to iUn\ 
any on unluocuIatiHl. The Inornlutod orop did line, wiiiio the uuhioeulated was 
a failure, and nlwa.VH has heeu so far.'* (llnllagh, Nohr.) 

Alfalfa. — " 1 find roots well fliUnl with noduies. Aifiilfa has a good dark- 
green color and grows thriftily, where*H» hi previous exverlinenis It has ii«t>t 
sniaii and yeliow for tiie flrM thr^» ye«rB, 1 cut thret* fair crops tlds y«*r, 
although the r«infaH was wiwewtmt ic*leient*' (Waup»e«, Wifl.) 

Alfalfa. — '* Quite a iot of noduic*s on inocuiated viants and a very good 
stand; iooks fine. Strip :\0 feet wldt? and 400 feet iong not Inoenlat*^! has very 
poor stand and very few no<luIcs.** (Cieveiand, Ohio.) 

Red clover. — " The inoculated croj) in of n strong and thrifty growth. Ali tiie 
sfK*d fhat I inowed that was not in ovulated dlwl In forty ^Ixty dnys a.f*ir 
pJantlnif, as did ere-r^ clovei- fi^Id in this vicflilty. ni#rc was a mark*! dl0%r- 
ence in the inocuiat4»d Ami i*fiiti<K'tti«tmi from ttte ife^irt; fiNs iii0e«l**i4 ii«ii^@<l 
a bettor color and 4lM wot die <mt tuym Wi^ <lr|' iiNHm*#r m fli* m^mar did.'* 
(Paris, ^lo.) 

Red clover. — ** By count 1 find from two to four times the ininii)er of noduies 
on fnoculated area. 1 Inocuiated 20 acres; ustnl coiumt^rclai fertilizer on an 
315 
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adjoinlug 20 acres, and on a third 20 acres nothing was used. One week ago on 
the Inoculated area was to be seen clover of a much darker color and of twice 
the growth found on fertilized area. The roKults were highly satisfactory In 
every respect.*' ( L 1 nia , Oh 1 o. ) 

Bed clover. — ** Roots covered with nodules. Clover on adjoining laud, but 
better land, very poor. Inoculation certainly did Increase the nodules and, of 
course, Iniiiroved the crop. Clover wwn la»t spring In this vicinity Is poor, but 
mine sown upon high ^nd hills Is all that I can ask ; |t exctedjs my expecta- 
tions. I am convinced that it Is useless to sow clover on this ground without 
Inoculation." (New L<oudon, Wis.) 

Cowpea. — ** The growth of nodules was fully 200 per cent better on the inocu- 
lated than on a small portion that was not inoculated. The Increase of peas 
over the un Inoculated was fully three to one. Tiie Increase of hay I did not 
take into close consideration, but on a fair estimate, I think, about 2} tons an 
acre In favor of Inoculated." (Buttonwood. I*a.) 

Cowpea. — ** There was a good supply of nodules on the inoculated plot, one 
plant having a good handful of large size at harvesting time. There were no 
nodules on three plots of the same size that were not inoculated. The unin- 
oculated plot (Whippoorwlll) yielded Ci pounds grain; the inoculated plot 
(Whippoorwlll) 9 pounds grain." (Pataskala, Ohio.) 

Cowpea.^'* Planted one-half acre In same field, using no culture; bc^h had 
500 pounds of same fertilizer per acre. Compared with roots where culture 
was used, found less nodules and turned down scant growth of pea vines to sow 
scarlet clover and rye. AVhere culture was used, found large number of 
nodules and rank growth of vines which remained green until peas matured and 
yielded 20 bushels per acre. Land now seeded to rye and scarlet clover, which 
Is looking fine." (Wlthans, Va.) 

Cowpea followed by oats. — ** On a part of the ground on which the treated 
cowpeas had been grown I planted oats. They turned out 50 bushels to tho 
acre, anU on ground wher^ treated cowpeas kad grown th«^' turned out 

only 25 to 30 bushels to the acre, no other fertiliser being applied to either 
piece of ground. Fields just adjoining mine have yielded only 25 bushel.? 
an acre." (ITanunond, La.) 

Cowpea followed by oats. — " 1 made up with supplies sent me from the De- 
partment 100 gallons of liquid culture, which was distributed among 20 
farmers In this vicinity. Those who planted peas for forage have gathered 
twice the quantity of pea -vine hay from the ground in which the inoculated seetl 
were sown. I repeated last year*s expm'lment In following the peas, after the 
hay had been cut off, with oats In drills. So far as the eye can judge, the Im- 
provement In the oat crop Is proportionally as great as that In the crop of pea 
vines." Others In this same group of cooperators reported as follows; "Cow* 
peas are practically unknown here (a large body of land In a bend of the 
Coosa River) and when sown last season without Inoculation no nodules were 
formed. The bacteria secured largely increased the yield; 3 tons of hay 
from an acre of Inoculated seed, one-half ton from unlnoculated seed; made 
twice as many peas on land Inoculated as on land nat inoculated. Season too 
wet to gather peas." (Rome, Ga.) 

Cowpea followed by corn — ** Where cowpeas were grown last year we have 
corn this year. The field Is a 4-aore lot and includes sandy gravel as well as 
good rich loam. Over the entire portion where the cowpeas were grown with 
the culture the corn has a rich black color; on the area where no culture was 
\imi\ there is a distinct difference, the corn being smaller and not of such dark 
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color. This Is very distinct, ^rm\ on the Ivmrj lo«m. The growth of eowii0«8 
\vaa estimated at twice hh much last yc«r whore th» culture was usml m wli«re 
there was uone. The cowjtea croj) was cut Inst year, hut on account of couthiwiil 
ralus wns left on the ground and plowed under."** (Vlueland, X. J.) 

Bean. — ** Nouculturc beans grew slowMy, were light green (though not un- 
hualthy), and had slcAUdcr sto4u and sharper polntvtl, more delicate-looking leaf. 
Cu-lture l*cm>« grew rapidly, were stout and tlm^^ gr«««, ajid t*i€ l«iiv<^« wer® 
thlckca* and hluut#r i.>olutml. 2fonculttLri& htau* bor<e ordlMarlly well, au^ after 
one bearing rustotl and dried ui,). Culture b<iftn« wwre loa4^d, kjig.)t putti»f 
forth blossoms, and l)ore until frost killed tlimn In October. On the roots of 
the noncnlture beans there were n few minute and hard-looking nodules, and 
the roots were small nnd weak. On the roots of the culture Ikmius the nodules 
were plentiful nnd juicy; the "roots were long and vigorous. On reading your 
account of seed ralscxl In i)ure sand from Inoculated seed, 1 thought I would 
try coal nslies, and planted three hills of two varieties In our last winter's nsh 
heap, scooping out a hole, laying In the lH?aii«, nnd cover Inf wltti mlxwl earth 
ai>d asb^. They grew woiwlerfully aii^ b^m until frott, *nd Rt Umt time Iwid 
ft fourth cro]) of blos«oms,** (Wooilfords, Mc.) 

Vetch. — *'A strip 25 or 30 feet wide was sown without Inoculation. That 
part Inoculated showed roots full of fine nodules, while the plants unlnoOulatcd 
showed none at alK The growth In the part of the field that had received the 
Inoculation was three or four times as great as In that jnu-t not so treated.** 
(Irving. Mich.) 

Vetcti f©r eitrn* orefeard. — " Vetch was tried three years ago and given good 
remilts. Eighty per cwt of mir orehardlMs now pJant legumes to plow under, 
and find It i>rofi«tal>le. liM>cu4atad vlne6 aboitt f£) per emit heavier than un In- 
oculated on soil never having had a crop of legumes. Our ftoU Is a heavy 
red clay adobe, formerly a desert, and devoid of humus.** (Uedlands, Cal.) 

Garden pea — "Planted Inoculated and unlnoculated side by side. Inoculated 
had many nodules and large ones; unlnoculated few nnd small, and some 
plants none at all. Inoculated foliage dark green; unlnoculated yellowish 
gree4i. Stems longer and growth more Tlgoroun on Inoculated, yield abotft donble 
that of the unlnoculated/* (Parkersburg, W. Va.) 

* Canadian field pea for citrus orchard. — "The pea vines plowed under furnished 
orange and lemon trees with plentiful nitrogen. Krult trees were never so 
vigorous as now. Where we did not Inocnlate we got less vine and nodules, and 
fruit trees are Bot so fi»€.** (Glendora, Cal.) 

Canadian fit Id pea. — " Nodules well dev^oi>ed. No noduIe« o« an adjacent 
unlnoculated crop which, exeei)tlng Inoculation, received tlie aame treiitine«nt. 
l*eas and hay much Increased (nearly dmiWad) ovw a<liftee«t tfalnoculated 
crop." (Mount Pleasant, N. J.) 

Canadian field pea. — "The cultures were applied to one ton of peas; the 
other half ton was planted without Inoculation. The nodules on plants from 
the Inoculated seed were larger and twice tm nHuierons a« from ttie miliwcu- 
latod. The .Inoculated croj) wa» much more robust and tlirlfty. The planting 
was done In a foothill orange orchard with steep gradients. The puriwie of 
tlfce planting was to prevent washing, aJi well as fo^r fertlUiNiitlon. 1 planted tlie 



«The yields from these two portions were rei)orted later as follows: Corn 
following unlnoculated cowjieas averaged 75 bushels an acre; corn following 
Inoculated cowpeas «v«raiged 105 bu»hels an ucre. Th%m %wr©« are for corn 
on the ear. 
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Inoculated seed In one direction and the unlnoculateil crossing It In open sixices 
at right angles. The result was a deeldtnl checkerboard, with Inoctilated seo<l 
producing a erop twiee as vigorous and high as the other.*' (Glendora, Cal.) 

Soy bean, — " Inoculation increased noduies. On part of ground I sprml 
sou from a soy-beuu fteld; on \mrt 1 pluated me^ wltli >ii«ciil*itlng cnltm'es; 
part of t|»9 Mid had ik) ao^l* «r t«|9eiiiil|iit9ii mfd* 0«tb i9^»lat«d wmd anti 
fr^tu a ii@|N]^N>«ti fiiilt e ptt wi ii if^liRWdW gr^>#iK ^ ito^\\m; ik> R@du4>^- on groiis^ 
mot treated. In oiwiHte ii «ir«if was* ^rk sree» In color; ^a#€i34«t#(l ligbt 
gre«n. Where soli waPS ffertlte the growth was about eqii«l» bmt where »®H 
was poor the growth of the Inoculated li^n was more thmii douWe that of the 
un Inoculated.'* (Cazenovla, N. Y.) 

Peanut. — '* I planted one gallon of seed not treated through the eeuter of 
the lot, making 14 rows. They were very Inferior, with nodul«s about 50 
per cent In number and about one-half the size of those treated. I consider the 
gain for the Inoculated crop at least 100 per cent.** (AVlnterpoek, Va.) 

• Sweet pea. — "About one-third of plot I did Hot Inoculate. In this area I 
eould not find a single nodule, though the r»ot8 of t\w I*i®culated f^ortlow were 
literally loaded with them. The whole piot was manured the same amd had 
the same treatment all the season. The vines on the Inoculated i)ortlon were 
more rank and would weigh three or four times as much apleee us those oa the 
uninoculated portion. There were notlceabiy more and better blossoms from 
the Inoculated plot." (Town send Harbor, IMass.) 

CrlmsoR (d^ver. — " Iii^culate^ ck^e^* bad five ti-mesi ^lue nmsJ^r ®f wxMlefl as 
tbat not treated ; la fact, frfeey were perfeet. Two acFe« u«4»ocu4at«d did not 
Irnve as laueh clover as 10 square feet where treated. The aiiim ranee of 
Inoculated field Is fine — aiiilks Inrge and healthy; staWos ofi tMiinoeulateil portloE 
sma<il and few." (Manke4«^ Pa.) 

Il»<MlM IMKJULATION EXPERIMEITTS dLASe^D AS 

The following are examples of reports which have been placed in the 
doubtful class: 

Alfalfa* — '* There is a good amount of nodules on rooti. No other field of 
uninoculated alfalfa here; »o 1 eau not eoinyare. General app««rauef good." 
(Jefferson, Orcg.) 

Alfalfa. — " Could see ne difference between tJie Inoculated aud iminocalated ; 
first euttkig;, eomgiderabie weeds; seeoiid eu4tlng average(3 1 t#n ^r *ere gm4i 
alfalfa." (Floyd, Tex.) 

Alfalfa. — *' 1 failed to secure a stand ; the wind W'ew the gremd m that the 
young plants were destroyed.'* (Hansford, Tex.) 

Jctfalfa. — " I am boxt}^ to rei)ort alfalfa was an entire fafhire, I think on 
account of Kronnd bein^^ too wet." (Tanlsteo, N. Y.) 

Red clover. — ** This field has never had a very good stand of elover and 
It does not seem much better this year. Examined plants from both parts of 
field and both seemed to have plenty of nodules; possibly more plants and more 
noddles on Inoculated portion." (West Chester, Pa.) 

Red clover. — " Can not toll as to results. We had s*x weeks ®i dry weather, 
and my seed did not come up." (Mohemenco, Va.) 
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Garden pea. — **A ^r.r w^t itaiKHi nmi^ cmp a faille. No (fii)iieIn#loii« 
could be drnwii/* (nnnoter, X, H.) 

Garden pea. — "Very few noiliiles iiotlcenble. No Incrcnse In erop; porIm|>s 
the enltnre had been mlxtnl too long l>efore being appHcKl to »e@d — lind sstood 
ahont toti days.'* (Hanoyer, N. H.) 

Cowpca. — *' Hoots full of nodules; pens grow runk whether liioculntod or not. 
The cowpeii seonm to grow here »o well that I do not think artlflelnl InocuUi- 
tlon any beneflt when the amawon Is w#t aii4 warm, m It wa« tlite y(*tr." 
(Mlllersvllle, Md.) 

Cowp«a. — 1 eould not tell mueh dirhn'miee between ImoeulaM and iinl»^)eu- 
lated. Owing to exutiimlve rahi, the L>«aa wej*e ainiowt drowned out. aiMl It wa« 
not a fair test/* (Greensboro, N. C.) 

Cowpea. — " I can not toll vory niueh dirTorcnee hi quantity of nodules on 
Inoeulnted and unlnoenlated soqH; If there was any dllf^iriinee, It was In favor 
of the treated sood. The app(*aranc« (►f th^ tr«iit*(l wmd In darkw ttiitt* 
niitrented.** (Valle Crnees, N. C.) 

RIf OXTS Of IirOCf LATION EXFERIlIIKfl (UkMID AS 

FAILURES. 

Examples of results classified as failures follow: 

Alfalfa. — *' The nodnlea were not present at any time. The plants grew 
nleely for a time, then died, as they did formerly on an adjoining plot of land. 
No crop of alfalfa ever matured on this or any adjoining lands." (Home, 
Tenn.) 

Red clover. — ** Conid not find any nodules on either Inoculated or uninocu- 
lated erop. It Is the first elover ever sown on that field; It lias boon In wheat 
and corn for thirty years. Got a good stand, but It Is nifHstly «ifMll, mm&^t whurti 
stable manure was spread.** (McMlnnvllle, Tenn.) 

Cowpea. — ** I examined i>eas on all parts of my place and found but few 
nodules. I could find no difference hi the trented and untreated need. I am 
Inclined to think niy Inoculation was not right when I used It My land 
appears to be without the proper baetorin ; uoduloH are almost entirely lacking, 
and of course I can got but little results from my poa crop." (Moro, Ala.) 

Soy bemn. — '* Plants were car«fnl1y dug, but had no sign of umlul©*, either 
treated or untreated. Culture may have boon beyond the milky state but did 
not appear frothy. Good rank root system but no nodules.** (Hlggauum. 
Conn.) 

Garden bean. — ** I examlnml the roots at dlffermit tluww and found only two 
nodules oa the roots, and th»y were lm|Hirf*^'t In ap|^«arano«i. TlM?re w*# no 
perceptible dlffereiiet imw#®i luooulatfed mi^ iinhioetrtAt^.** (R<*«d«vllle, 
W. Va.) 

Garden pea. — ** No nodulos on either Inoculated or nn Inoculated ; ho dlff«r- 
«iee In growth. Extremely dry we»rher itwMued t^ be the only mmm for fhls 
bo lug the poorest crop 1 hAve erer grown." (Ashland, Va.) 

Vetch. — "Inoculation had no effect; total failure; i*o dlffer«ii^; sotl, mmdj 
loam, very ix)or and hungry.** (Anamosa, Iowa.) 
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SUMMARY. 

1. Abundant nodule formation improves the cliemieal eompositiou 
as ^vell as increases iJie quantity of a leguminous erop. 

2. Leguminous croj^s with nodules are more valuable as green 
manure than leguminous crops laeking nodules. 

3. Nematode galls or root-knots resemble nodules in appearance, 
but they are very injurious and care should be taken not to eonfuse 
the two growths. 

4. It is wisest to depend upon pure cultures for inoeulating pur- 
poses. If soil is to be used, however, great preeai^tions should be 
taken in seleeting and handling the soil to guard against the 
introduction of w^ds or plant di9<miti, 
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